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Maintenance  Operations  KOFPTV 

K60A3  Degraded  Effectiveness 


H  UCTMCTI 


Troop  performance  degradation  dee  to  the  wearing  of  chemical 
protective  equipment  is  a  concern  to  military  commanders.  As  a 
result  cf  this  concern  a  series  of  field  studies  were  conducted' 
in  an  attempt  to  quantify  the  effect  that  wearing  mission 
oriented  protective  posture,  level  TV  (all  equipment  worn  and 
sealed)  has  on  personnel  performing  tasks.  Maintenance  tasks  are 
considered  to  be  particularly  difficult  to  perform  while  wearing 
protective  equipment .  To  evaluate  this  situation  and  provide  a 
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quantitative  estimate  of  the  degradation,  seven  maintenance 
tasks  were  performed  in  a  field  environment,  at  moderate 
temperatures  (40-68°F).  The  tasks  included  remove  and  replace 
M60A3  powerpack,  M60A3  transmission ,  *4109  Breech  Block;  repair 
M60  Machine  gun,  M901  I  TV  traverse  mechanism  and  a  FAPAC 
printed  circuit  beard.  These  operations  were  performed  by 
several  teams  who  alternated  starts  while  wearing  the  standard 
battle  dress  uniform  (BDU)  and  the  HOPPIV  ensemble.  Individuals 
were  highly  motivated,  in  high  physical  readiness  and 
psychologically  prepared  for  the  operation-1 

Data  were  analyzed  using  standard  statistical  procedures.  A 
MOPPIV  correction  factor  was  defined  as  that  value  by  which  the 
time  to  complete  a  procedure  in  BD;J  should  be  multiplied  to 
provide  the  time  required  to  complete  the  task  while  wearing 
MOPPIV.  These  factors  are; 


Correction  Factors  for  Wearina  FE5PPIV 


_ Task _ ^ 

K60A3  Power  Pack  j 

Remove  I 

Replace  | 

I 

M60A3  Transmission  r 

Remove  I 

Replace  j 

! 

Ill  09  Breech  Block  j 

Remove  j 

Replace  \ 

I 

H60  Kacmne  Gun  j 

Barrel  Group  I 

Trigger  Group  I 

! 

M901  Traverse  Mechanism  j 
Remove  | 

Replace  j 

I 

Recover  K60A3  j 

I 

FADAC  Circuit  Board  j 


Factor*  Probable  Range < 


1.0-1. 4 
1.1-1. 5 


1.4  , 

1-1  j 


1.2  J 
1-3  I 


1.8*  J 

I 

1.6  J 


1*1-1. 7 
0.9-1. 4 


1.1- 1. 4 

1.1- 1. 5 


1.3-1. 6 
2-0-2. 6 


1.7- 2. 5 

1.7- 3. 4 

0.8-3. 1 
1. 4-1-9 


j~*Kithout  Boots  ) 

The  first  time  effect,  that  experience  gained  through 
repetition,  is  comparable  in  magnitude  to  the  MOPPIV  effect,  an 
indication  that  training  improves  personnel  performance  while 
wearing  this  equipment. The  protective  overboot  is  a  hazard  in 
the  mud  and  should  be  redesigned.  Correction  factors  are  used 
as  a  guide  for  performing  tasks  in  the  field.  It  should  be 
noted,  however,  that  these  values  do  not  reflect  performance 
under  continuous  operations  where  other  variables  influence 
performance.  _~- 
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I -  INTRODUCTION 


1 .  Background 

Troop  performance  degradation  due  to  chemical  protective 
equipment  has  been  of  increasing  concern  to  military  commanders. 
This  protective  equipment  is  worn  in  one  of  four  configurations 
referred  to  as  mission  oriented  protective  posture  (MOPP)  levels. 
The  highest  protective  level,  NOPPIV,  in  which  all  equipment  is 
worn  and  sealed,  is  also  the  most  bulky,  cumbersome  and  restric¬ 
tive  mode.  Personnel  are  protected  at  the  expense  of  this  encum¬ 
brance  -  a  circumstance  which  results  from  impeded  physiological 
functions  such  as  vision,  hearing,  speaking,  manual  dexterity  and 
others.  This  encumbrance  produces  degradation  in  the  form  of 
(usually)  increased  time  to  complete  tasks  and  in  some  cases 
reduced  accuracy.  For  the  purposes  of  this  evaluation  time  to 
complete  a  task  was  the  only  factor  used  in  determining  personnel 
degradation  due  to  wearing  MOPPIV.  To  quantify  this  degradation 
for  the  commander's  use,  in  simulations,  operations  research  and 
other  studies  of  unit  effectiveness  and  combat  readiness,  field 
studies  are  necessary. 

This  evaluation  was  performed  in  response  to  a  requirement 
submitted  to  the  Dugway  Proving  Ground  (DFG)  administered  Chemi¬ 
cal  Biological  Joint  Contract  Point  and  Test  Program,  referred  to 
as  DO-49,  to  conduct  an  evaluation  to  determine  the  effect  that 
wearing  KOPPIV  has  on  personnel  performing  military  tasks - 
Presently,  the  program  includes  several  specific  operational 
areas  with  additional  emphases  on  operations  during  cold, 
moderate  and  hot  temperatures.  The  Ballistic  Research  Laboratory 
(BRL)  was  contracted  to  make  an  evaluation  of  the  performance 
decrement . 


The  Vulnerability/Lethality  Division  of  the  BRL  has  an 
extensive  ongoing  program  for  assessing  the  vulnerability  of  mil¬ 
itary  systems  on  the  integrated  battlefield  to  include  the 
effects  of  conventional,  nuclear  and  chemical  munitions  on  the 
effectiveness  of  various  units.  The  model  for  this  program  is 
the  Army  Unit  Resiliency  Analysis  (AURA)  methodology.  AURA  util¬ 
izes  inputs  from  all  areas  which  impact  on  the  ability  of  a  unit 
to  accomplish  a  mission  including  the  effect  of  wearing  NOPPIV. 
Since  degradation  data  has  not  generally  been  available  and 
because  of  the  need  to  include  degradation  performance  in  unit 
effectiveness  studies,  the  BRL  is  developing  techniques^  to 


1.  J.T.Klopcic,  and  L.  K.  Roach,  "An  Introduction  to  the  Use  of 
the  Army  Unit  Resiliency  Analysis  (AURA)  Methodology:  Volume 
I,"  US  Army  Ballistic  Research  Laboratory,  Memorandum  Report 
No.  3384,  September  1984. 


estimate  personnel  degradation  due  to  MOPPIV.  In  this  report, 
"MOPPIV”  refers  to  wearing  of  the  equipment  at  level  IV,  and 
“MOPPIV  Time"  to  the  amount  of  time  required  to  complete  a  task 
while  wearing  level  IV. 

A  concern  in  interpreting  field  data  is  the  need  to  quantify 
the  degradation.  It  is  not  unusual  to  find  subjective  judgements 
made  on  the  effect  protective  equipment  has  on  individual  perfor¬ 
mance,  often  with  no  real  measurement  of  the  effect  or  of  the 
variation  experienced.  One  purpose  of  this  report  is  to  provide 
a  numerical  estimate  of  the  performance  decrement  resulting  from 
wearing  individual  protective  equipment. 

This  report  presents  the  results  of  selected  maintenance 
operations  conducted  at  Aberdeen  Proving  Ground,  Maryland  in 
April  and  Kay  1984  under  moderate  to  warm  temp erat ares  (63-84° 

!  F) .  A  daily  summary  of  temperature  and  relative  humidity  is 

included  in  Appendix  A.  Trials  were  performed  by  soldiers  of  the 
Student  Brigade  of  the  D.S.  Ordnance  Center  and  School,  APG- 
Dugway  Proving  Ground  was  assisted  by  two  contractors,  Lockheed 
Engineering  and  Management  Service  Company,  and  Andrullis 
Research  Corporation  who  cooperated  in  collecting  the  data  and 
|  providing  videotape  coverage  of  all  trials.  Trials  were  per¬ 

formed  during  the  daylight  hours.  Teams  remained  in  MOPPIV. 
without  relief  for  each  trial.  Several  tasks  were  performed 
(Table  1). 

TABLE  1.  Maintenance  Operations 

I 


! 


f 


_ Task _ i 

i 

Remove/Replace  M60A3  Power  Pack  j 

I 

Remove/Replace  M60A3  Transmission  j 

I 

Remove/Replace  M109  Breech  Block  | 

I 

Recover  M60A3  Tank  | 

i 

I 

M60  Machine  Gun  Repair  j 

j 

M901  ITV  Traverse  Mechanism  Repair} 


2.  David  W.  Harris,  "A  Degradation  Analysis  Methodology  for 

Maintenance,”  Master  of  Science  Thesis,  Georgia  Institute  of 
Technology,  April  1985;  Sponsor:  C.  Wick,  BRL- 


The  primary  objective  of  this  program  was  to  evaluate  the 
operational  capabilities  and  to  estimate  the  degradation  for  per¬ 
sonnel  dressed  in  complete  chemical  protective  ensemble  (KOPPIV) 
performing  selected  maintenance  tasks. 


II.  APPROACH 

1 .  Overview 

The  measure  of  degradation  for  each  performed  task  was  the 
time  difference  between  performing  the  task  in  Battle  Dress  Uni¬ 
form  {3DU)  and  HOPPIV.  For  these  trials  there  were  five  teams  for 
each  task.  Degradation  measurements  were  made  for  team  tasks, 
such  as  pulling  the  power  pack,  as  well  as  individual  tasks,  such 
as  repairing  the  gas  cylinder  on  the  M60KG.  Observing  each  team 
was  a  trained  military  observer  (Senior  NCO)  who  timed  each  indi¬ 
vidual  task  and  rated  the  overall  operation.  The  tasks  were  meas¬ 
ured  in  real  time  and  recorded  on  a  data  sheet  carried  by  the 
observer. 

Individuals  were  trained  in  the  appropriate  military  opera¬ 
tional  speciality  (KOS)  and  were  highly  motivated.  Teams  did  not 
have  prior  experience  working  together.  Further,  the  teams  did 
not  have  prior  practice  before  completing  the  first  trial.  Teams 
were  familiar  with  chemical  protective  equipment,  but  received  no 
special  prior  instruction  in  the  wearing  or  completing  the  above 
tasks  while  wearing  KOPPIV. 

Since  these  tests  were  repetitive,  individuals  gained 
experience  as  they  progressed  through  the  trials.  In  an  effort 
to  control  and  later  estimate  the  experience  effect,  the  order  of 
start  was  noted;  i.e.,  whether  a  team  was  in  BDU  or  KOPPIV  the 
first  time  it  performed  a  trial.  For  the  purposes  of  this 
analysis,  all  references  to  3 first  time  effect”  pertain  to  the 
first  performance  for  each  team. 

For  each  trial,  three  items  of  data  were  recorded;  first, 
the  time  to  complete  a  task;  second,  the  protective  profile 
(BDU/KOPP) ;  and  third,  whether  it  was  the  first  trial  or  a  subse¬ 
quent  one. 

A  multiple  linear  regression  technique  was  used  to  estimate 
the  effect  of  the  chemical  protective  equipment  and  the  effect  of 
practice  on  the  time  to  complete  the  various  tasks. 


2-  Tasks/ Procedures 


a.  Remove/Replace  356 0A3  Power  Pack.  A  four-mars  crew  per¬ 
formed  this  task  (Table  2.)  These  crewmen  were  systems  mechanics 
K05  63H/63H.  Each  team  performed  once  in  BDU  and  once  in  MOPPIV. 
There  was  a  one-hour  break  between  the  trial  in  BDU  and  the  trial 
in  MOPPIV.  Within  a  trial  a  fifteen  minute  break,  between  remov¬ 
ing  and  replacing  the  power  pack,  was  given,  during  which  the 
team  stayed  in  uniform. 


TABLE  2.  H60A3  Power  Pack 


Event: 

i 


Operation 


Cover 


Turret  Connections 


Accessory  Connections 
Power  Pack 


b.  Remove/Replace  M60A3  Transmission.  This  was  a  two-man 
task.  The  crew  consisted  of  one  experienced  and  one  student 
member  both  trained  as  KOS  63H.  The  transmission  was  separated 
from  the  power  pack  and  then  replaced  (Table  3) .  Each  team  com¬ 
pleted  the  task  once  in  BDU  and  once  in  KOPPIV  except  team  4 
which  performed  the  task  once  in  BDU  and  twice  in  KOPPIV.  A  fif¬ 
teen  minute  break  was  given  between  separation  and  rejoining  the 
transmission  during  which,  the  crewmen  did  not  remove  the  MOPPIV 
equipment.  An  hour  break  was  taken  between  BDU  and  KOPPIV  opera¬ 
tions. 


TABLE  3.  K60A3  Transmission 


Event! 


Operation 


Shroud 


Accessories 


Mounting  Bolts i 


Transmission 


c.  Reacve/Replaoe  35109  Breech  Block.  The  crew  consisted  of 
two  personnel,  one  experienced  and  one  student,  both  trained  as 
artillery  repairmen,  MOS  45L/45K.  Each  team  performed  the  task 
four  to  eight  times,  depending  upon  the  weather  and  the  time  to 
accomplish  the  task  by  individual  teams.  A  total  of  thirty-five 


« -i  w 


zss 


completions  were  recorded.  The  tasx  was  conducted  in  two  phases 
(Table  4),  by  removing  the  breech  blocK  and  replacing  it  with  no 
break  between  phases. 


TABLE  4.  M109  Breech  Block 


Event 

Operation  jj 

1  ■ 

2 

i  3 

1  _ 

Damper  1 

Tiring  Mechanism  j 

Breech  Block  j 
_ L 

d.  Recover  X6CA3  Tank.  A  disabled  M60A3  tank  was  recovered 
by  a  four-na’i  team  utilizing  a  H88  recovery  vehicle  (Table  o’,  _ 
Tbs  team  was  composed  of  students  trained  as  automotive  repairmen 
HOS  63H/63N.  The  protective  overboat  became  a  hazard  to  the 
wearer  due  ro  the  deep  mud  at  the  test  site  and  was  not  used  as 
part  of  the  MQPPIV  gear  after  trial  K-l. 


TABLE  5.  M6C-A3  Tank  Recovery 
•  'i  "  ""  '  ~  * 

j  Fvent  j  Operation  } 

i  1  i  Attach  Tow  3ar  f 

j  2  J  Open  Grill  Doors  and  Remove  Seat  Shields  j 

!  3  !  Disconnect  5inal  Drives  5 

1  I  I 

<  4  |  Secure  Grill  Doors  and  Replace  Heat  Shield | 


e.  Repair  M«l0  Machine  Gun-  This  was  a  one-man  task  simu¬ 
lating  the  field  repair  of  the  M6G  machine  gun  (Table  6>  -  Per¬ 
sonnel  were  trained  in  small  weapon  repair  MOS  45K  performed  this 
task  in  a  tent  located  ill  a  field  environment. 


TABLE  6.  560  Machine  Gun 


Event 


Operation 


]  Barrel  Group 

X 

|  Trigger  Assembly 


5 


*  r 


& 

s 

Si 


»  # 


*  t 


'  g 


»  » 


..  •* 


.1 


*  •  « v?5 


f  -  Repair  M901  I  TV  Traverse  Mechanism.  A  one  man  task  with 
personnel  trained  in  «OS  45K  disassembled  and  assembled  a 
traverse  mechanism  (Table  7) .  The  task  was  performed  on  a  work¬ 
bench  in  a  tent  located  in  a  field  enviro.nent. 


TABLE  7.  K201  ITT  Traverse  Mechanism 


Event 


Operation 


Outer  Gear  and  Snap  Ring I 


Gear  Assembly 


g.  Repair  FADAC  Printed  Circuit  Board,  This  was  a  one  nan 
task  completed  by  students  who  were  instrumentation  repair  oer- 
sonnei,  KOS  34Y,44Y  and  45G  (Table  3). 


TABLE  8.  FADAC  Printed  Circuit  Board 


|  Event; 

I - r- 


Oneration 


Remove  Protective  Coatim; 


Resistor 


Transistor 


j  *  Remove  Event  Only 


3.  Data  Analysis  Techniques 


a.  Multiple  Linear  Regression.  Regression  analyses  are 
used  to  quantify  the  relationship  between  variables  where  the 
value  of  one  is  affected  by  changes  in  others.  The  type  of  uni¬ 
form  worn  and  whether  or  not  the  event  was  completed  for  the 
first  time,  either  in  BDU  or  KOPPIV,  are  independent  variables. 
A  multiple  linear  regression  allows  a  depenaeire  variable  to  be 
estimated  by  quantifying  the  relationship  to  several  independent 
variables.  In  this  instance,  time  to  complete  a  task  is  the 
effected  or  dependent  variable.  Interactions  and  variables  not 
measured  are  reflected  in  the  error  tens  and  include  such  effects 
as  team  work  and  leadership.  An  estimate  of  how  well  the  regres¬ 
sion  estimates  the  dependent  variable  is  expressed  by  the  multi¬ 
ple  correlation  coefficient.  Analysis  then  can  be  used  to  deter¬ 
mine  the  effect  of  HOPPIV  and  the  first  time  effect  on  the  total 
tins  to  complete  a  task. 


For  troop  performance  studies  the  regression  expression  is 
represented  by: 
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T  =  Tq  +  a(x)  +  b(y)  +  e  (1) 

Where  nT”  (the  dependent  variable)  is  the  total  tine  in  minutes 
to  complete  a  task,  nT  ,n  (the  intercept)  is  the  practiced,  unen¬ 
cumbered  time,  nx"  (first  independent  variable)  is  the  clothing 
type,  nyn  (second  independent  variable)  is  the  order  in  which  an 
event  was  started  and  nen  is  the  error  term.  The  BDU  or  XO PP 
condition  Mxn  is  represented  by  either  a  "0"  or  a  "1,**  respec¬ 
tively  since  it  is  assumed  that  the  clothing  contribution  would 
be  zero  for  BDU.  Likewise,  if  a  team  was  working  an  event  for 
the  first  time  nyn  would  be  assigned  a  "1”  and  if  the  team  has 
completed  the  event  before  or  a  n0n  would  be  assigned  since  no 
first  time  effect  would  be  present.  The  expression,  without  the 
error  term,  then  becomes: 

T  =  Tq  +  a  +  b  (2) 

where  nan  and  nbn  represent  the  correction  in  minutes  for  KOPPIV 
and  practiced  factors,  respectively.  Therefore,  a  team  complet¬ 
ing  an  event  for  the  first  time  in  BDU  is  expressed  as: 

T  =  Tq  +  b  (3) 

A  team  completing  an  event  in  BDU  more  than  twice  would  simply  be 
nTo,"  (T  =  T  ) .  By  wearing  KOPPIV  this  team  would  add  a  KOPPIV 
correction  and°be  expressed  as: 

T  =  Tq  +  a  (4) 

The  event  time  for  the  same  teas  completing  the  event  for  the 
first  time  and  in  KOPPIV  would  be  expressed  as: 

T  =  Tc  -5-  a  +  b  (5) 

b.  Aggregated  Events.  Some  tasks  can  be  considered 
together  or  grouped  as  the  result  of  similar  physical  functions. 
Taste  which  are  generally  gross  motor  skills  can  be  considered  as 
variations  of  a  single  task;  likewise,  taste  composed  generally 
of  fins  motor  skirls.  Grouping  the  data  in  this  manner  provided 
a  basis  for  estimating  the  difference  between  these  types  of 
tasks.  A  KOPPIV  correction  factor  can  then  be  estimated  for  each 
group.  Task  groupings  are  given  in  Table  9. 


TABLE  9.  Task  Grouping  for  Analysis 


Gross  Kotor  Skills _ [_ 

I,  Remove  j  II,  Replace  \ 


I  Power  Pack  :  Power  Pack  !  Traverse 
!  Transmission!  Transmissions  H6G  KG 
j  HIPS’ _ |  K109  _ i _ 


Fine  Kotor  Skills _ | 

III,  Remove j  IV,  Replace I 
Traverse  j  Traverse  5 
H6G  KG  j  K60  KG  1 


r 


t 


HI.  RESULTS/DISCUSSION 

The  following  tables  (Tables  10-16)  are  the  actual  tine  fcr 
performing  the  major  subdivisions  of  each  task.  Typically,  this 
includes  the  removal  and  replacement  times  except  in  the  recovery 
and  iZGO  machine  gun  operations  where  this  division  was  not 
appropriate.  Where  a  team  was  able  to  accomplish  a  task  more 
than  once,  multiple  numbers  are  given.  Times  to  perform  the 
tasks  in  both  BDU  and  KOPPIV  are  indicated.  Details  by  event  are 
provided  in  Appendix  B. 

TABLE  10.  Remove/Replace  K60A3  Power  Pack 


Total  Time,  Minutes 


Team 


KOPPIV 


Remove}  Replace!  Remove}  Replace! 


66.2  i  41.6 


r>2 . 5 


44.5 
70. 0 
35.0 


82.1 

85.9 

94.1 

217.9 

56.3 


TABLE  11.  Remove/Replace  K60A3  Transmission 


TABLE  12.  Remove/Replace  M109  Breech  Block 


Tean 


Total  Time,  Minutes 


BDU 


I 


MOPPIV 


Remove |  Replace  j  Remove 


T 


Replace ; 


2 

3 

4 

5 


3.4 

1 

1 

1 

4.7  1 

9.8 

1 

i 

8.2 

2.3 

3.1  1 

t 

3.8 

1 

1 

5.1 

7.6 

i 

8.5  j 
3.0  , 

4.7 

I 

6.0 

2.7 

i 

4.5 

a 

• 

6.8 

3.2 

i 

j 

» 

i 

3.8  1 

3.4 

1 

1 

18.4 

3-2 

4.2  ! 

• 

9.5 

1 

a 

J 

2.3 

5.5 

a 

I 

5.6  | 

4.7  1 

3.!  | 

14.5 

1 

18.3 

4.8 

4.2 

i 

I 

_L_ 

11.7 

1 

1 

1 

11.6 

I 


TABLE  13.  Recovery  of  a  X60A3  Tank 


J  Total  Time, 


I  Team 

I - 

i  1 

i 

I  2 


BDU 


23.0 

46.8 

28.1 

9.8 

11.7 


Minutes  | 
MOPPIV  1 

23.4  ! 

38.2  i 

12.6  I 

14.9  I 
24.1  j 


TABLE  14.  Repair  H60  Machine  Gun 
|  Total  Tine,  Minutes 


j  _ BDD _ | 

I  Barrel j  Trigger  J 


1  I 


MOPPIV 


Barrel |  Trigger ! 


8.3 

3.6 

11.5 

6.2 

3.6 


i^v^vyw./cfi 


TABLE  15.  MS01  ITV  Traverse  Mechanism 


Total  Time,  Minutes 


MOPPIV 


Disassembly |  Reassembly [  Disassembly}  Reassembly 1 


12.4 

5.2 


13.9 

21.4 

10.8 

5.1 


22.3 

13.7 

8.4 

17.3 
13.0 


23.8 

57.2 

34.2 
12.7 


16.5 


TABLE  16.  FADAC  Printed  Circuit  Board 


j  Total  Time,  Minutes} 


IV.  DATA  ANALYSIS/DISCUSSION 


The  analysis  is  presented  in  four  parts  beginning  with  an 
example  of  the  regression  for  an  event  in  task  2.  The  regression 
results  for  all  the  tasks  are  then  presented  followed  by  a  dis¬ 
cussion  of  the  KOPPIV  correction  factor  for  each  task.  Finally, 
a  discussion  is  given  for  tasks  grouped  as  either  gross  or  fine 
motor  functions. 

1.  Example  of  Regression  Analysis 

The  example  case  will  be  replacment  of  the  shroud  during  the 
removing/replacing  of  the  M60A3  transmission  accomplished  during 
moderate  temperature.  Ail  other  tasks  and  events  were  likewise 
evaluated  and  are  included  in  the  results. 

Replacing  the  shroud  includes  the  placement  of  the  shroud  on 
the  powerpack  and  the  connection  of  the  attachment  bolts.  The 
data  for  evaluation  is  given  in  Table  17,  where  team  1  replaced 
the  shroud  twice  with  the  first  occurrence  in  BDU  in  7.8  minutes 
and  the  second  occurrence  in  KOPPIV  in  14.2  minutes-  For  this 
example,  the  resulting  regression  coefficients  in  Table  18,  are 
nTo,"  the  practiced,  unencumbered  time,  na"  the  additional  time 
for  KOPPIV,  plus  or  ninus  the  standard  deviation  and  "bn  the 
additional  time  needed  if  the  event  is  done  for  the  first  time 
plus  or  minus  the  standard  deviation.  Thus,  the  expected  time  for 
replacing  the  shroud  is  5.8  minutes  for  a  practiced  unencumbered 
team.  An  additional  3.8  minutes  is  added  to  the  total  if  the 
team  was  wearing  KOPPIV  for  an  expected  time  of  9.6  minutes. 
This  additional  KOPPIV  time  could  be  as  much  as  11.5  minutes 
(9. 6+1. 9)  or  as  little  as  7.7  minutes  (9. 6-1. 9).  No  additional 
time  is  needed  to  complete  this  replacement  for  the  first  time 
because  the  coefficient  is  negative.  In  other  events  this  first 
time  correction  is  calculated  the  same  as  for  the  KOPPIV  effect 
to  determine  the  additional  time  needed.  Resulting  calculations 
for  degraded  effectiveness  and  KOPPIV  correction  factor  with  the 
associated  probable  range  are  given  in  Table  19. 

TABLE  17.  Data  Used  in  Example  Regression 


f 

1 

Team 

BDU 

KOPPIV 

1st  Time 

i 

_4 

I 

1 

I  ! 

7.8 

I 

14.2 

i 

BDU 

r 

i 

2  1 

4.6 

! 

24.6* 

I 

KOPP 

i 

3  i 

5.8 

i 

• 

10.2 

! 

BDU 

1 

4  1 

6.4 

I 

7.4 

2 

KOPP** 

I 

I. 

5  ! 

3.6 

j 

6.3 

i 

KOPP 

-i 

1  *  Data  excluded  due  to  the  removal  of  I 
i  items  not  associated  with  trial.  2 
}  **  Team  is  practiced  in  both  uniforms. j 
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TABLE  20.  Example  Results 


Effect  of  Wearing  KOPPIV  on  Replacing  the  Shroud} 


Degraded  Effectiveness  I 

I 

KOPPIV  Correction  Factor I 
Probable  Range _ I 


0.60 

1.7 

1.3-2. 


Table  21  summarizes  the  regression  results  for  all  tasks  by 
remove/replace ,  disassemble/ reassemble  functions.  Regression 
results  for  each  event  for  each  task  are  in  Appendix  C. 

2-  Regression  results  for  all  tasks 

a.  M6GA3  Power  Pack.  Replacing  the  power  pack  requires  1.4 
more  time  when  wear ing  KOPPIV.  One  event  of  this  operation,  how¬ 
ler,  required  a  correction  of  2.7.  In  this  operation  the  rail 
guides  which  direct  the  pack  into  the  tank  appear  to  be  the 
cause.  These  guides  could  become  bent  with  extended  use  resulting 
in  an  improper  alignment.  This  observation  could  occur  at  any 
time  but  appeared  to  have  more  of  an  effect  on  the  team  when 
wearing  KOPPIV.  The  resulting  variation  in  time  to  oerform  this 
event  reflected  this  difficulty.  Correction  Factors  for  the 
other  events  during  this  operation  ranged  from  no  correction  tor 
1.7;  the  removal  and  replacement  corrections  are  relatively 
equal. 


b.  K60A3  Transmission.  KOPPIV  corrections  of  1.4  and  1.7 
were  needed  for  the  events  of  removing  and  replacing  the  shroud 
respectively .  The  difference  between  these  events  appears  to  be 
in  replacing  the  bolts  on  the  shroud.  The  initial  steps  in 
starting  these  bolts  requires  extra  time.  Likewise,  replacing 
the  mounting  bolts  took  1.2  times  longer.  Evidently,  replacing 
bolts  requires  the  extra  effort  of  first  finding  where  the  bolt 
fits  and  then  starting  the  operation  of  threading.  After  the 
bolt  is  started  (that  is  the  tightening  phase  is  started)  the 
operation  appears  not  to  be  degraded.  Other  events  in  this  task 
were  not  affected  by  the  wearing  of  KOPPIV,  in  fact,  some  events 
were  performed  in  less  time.  This  observation  is  believed  to 
represent  a  natural  variation  between  teams  performing  an  opera¬ 
tion  not  affected  by  wearing  KOPPIV. 

c.  K109  Breech  Block.  The  KOPPXV  correction  factors,  for 
the  six  events  in  this  task,  ranged  from  1.1  to  3.2.  Replacing 
the  breech  was  the  most  difficult  taking  3.2  times  longer  in  KOP¬ 
PIV.  This  task  requires  both  gross  motor  activity  and  some 
judgements  made  as  the  result  of  near  vision  and  fine  motor 
skills.  The  breech  must  be  installed  according  to  timing  marks 
which  determine  whether  the  breech  will  lock  and  operate 
correctly.  Setting  the  breech  in  place  and  aligment  with  these 


TABLE  21.  Regression  Results  by  Task 


Unencumbered  Clothing 

Training 

KOPPIV 

Tern  Correction 

Correction 

Factor/ 

To  1  a 

i  b 

PR* 

33.1 

57.4 


35.4 

62.2 


11.7 


12.6 


5.7±5.9 

17.0±12.7 


14.1110.5 


6.9±15.8 


0.8±0.5 

1. 1+0.8 

1.010.3 

2.810.6 


5.712.0 

15.318.1 

10.9113.8 

8.112.8 


24.815.9 

20.7113.1 


18.9111.0 

7.7115.8 


4.910.6 

4.710.9 

1.310.5 

2.211.1 


5.812.0 

4.918.1 

15.2114.1 

20.613.7 


1. 0-1.4 j 

1.3  I 
1.1-1.5 j 


.4  I 
-1-71 


.3  ! 
*1.51 


.4  i 
-1.6 1 


is! 

I 

.5  I 
-3.4  | 

.9  } 
-3 . 1  i 

6  | 
-1.9 1 


marks  are  consideied  the  cause  for  the  increased  correction  fac¬ 
tor.  Removing  the  breech,  by  contrast,  is  corrected  by  a  factor 
of  1.5;  other  than  marking  the  location  of  the  timing  marks  dur¬ 
ing  this  phase,  theis  operation  requied  no  special  adjustments. 
Generally,  no  difference  was  observed  between  removal  and 
replacement  events  except  the  replacement  of  the  breech  itself; 
remaining  events  required  1.1  to  1.5  times  longer  to  perform 
while  wearing  MOFPIV. 

d.  Recover  H60A3  Tank.  Opening  the  grill  doors  and  remov¬ 
ing  the  heat  shield  was  the  least  effected  recovery  event  While 
personnel  were  in  MOPPIV,  having  a  correction  factor  of  1.3  and  a 
correction  factor  of  2.3  applied  to  all  other  even-  •.  As  dis¬ 
cussed  earlier,  the  protective  overboot  was  not  worn  during  this 
exercise  because  of  the  hazard.  The  operation,  however,  could  be 
performed  if  the  boots  were  of  an  improved  design.  Specifically, 
if  the  mud  and  water  entry  into  the  boot  was  restricted  by  a 
better  seal  on  the  top,  and  better  fit  of  the  boot,  it  was 
thought  that  the  boot  could  be  worn.  The  alignment  of  the  hitch 
with  the  tow  bar  was  a  difficult  action.  No  flexibility  is  per¬ 
mitted  during  this  operation,  the  driver  of  the  K88  recovery 
vehicle  must  line-up  the  hitch  exactly  with  the  tow  bar.  In 
addition,  disconnecting  the  final  drives  can  be  completed  quickly 
in  either  uniform  with  a  little  good  fortune  depending  upon  how 
tight  the  drive  is  and  the  position  from  which  disconnection  is 
initiated-  As  a  result  the  task  can  vary  from  trial  to  trial. 
This  variation  may  account,  in  part,  why  a  team  wearing  MOPPIV 
car.  complete  this  event  in  less  time  than  a  team  wearing  BDU. 

e.  M60  Kachine  Gun.  The  barrel  group  required  1.4  and  1.5 
times  longer  to  remove  and  replace  while  wearing  KOPPIV.  It  was 
observed  that  this  operation  was  completed  with  little  difficulty 
other  than  the  increase  in  time  required  to  complete  the  pro¬ 
cedure.  Removmg/disassembiing  and  reassembly/replacing  the 
trigger  assembly,  however,  was  another  matter.  The  removal  opera¬ 
tion  was  corrected  by  1.6.  Replacing  required  a  factor  of  2.6. 
The  replacement  had  a  higher  probable  range  reflecting  the  diffi¬ 
culty  of  this  manual  dexterity  intense  procedure.  It  should  be 
noted,  however,  that  the  time  required  to  complete  these  events 
was  usually  less  than  five  minutes. 

f.  K901  Traverse  Mechanism.  Disassembling  the  traverse 
mechanism  in  MOPPIV  took  twice  as  long  to  complete  while  wearing 
MOPPIV-  It  took  1.7  times  longer  to  reassemble  the  gears  and  2.S 
times  as  long  to  replace  the  outer  gear,  the  snap  rings  and  bevel 
washer.  The  gear  assembly  required  that  the  mechanism  be  aligned 
to  timing  marks  necessary  for  proper  function.  This  alignment  was 
completed  correctly  for  all  teams  except  one.  During  an  assembly 
while  wearing  BDU  the  timing  was  missed  and  the  gear  box  froze 
and  required  replacements  This  observation  confirmed  the  level 
of  skill  and  care  required  to  assemble  this  mechanism  correctly. 
The  correction  factors  observed  represent  the  difference  between 
complex  disassembly  and  reassembly  operations. 


g.  FADAC  Printed  Circuit  Board.  The  operations  on  the 
resistor  and  the  transistor  are  similar.  The  correction  factor, 
however,  is  slightly  different  with  a  1. 5-1.7  calculated  for  the 
resistor  and  a  2.0  calculated  for  the  transistor.  The  events 
were  degraded  by  the  wearing  of  MOPPIV  but  not  apparently 
affected  by  the  removal  or  replacement  phase  of  the  operation. 
It  was  evidently  a  little  more  difficult  to  replace  the  resistor. 
Other  than  the  increase  in  time  to  perform  the  events  the  teams 
appeared  to  have  little  trouble  in  completing  this  task. 

3 .  Aggregating  Results 

Combining  events  which  are  similar  from  the  viewpoint  of 
physiological  requirements  for  task  performance  allows  for 
several  general  comments  about  types  of  tasks.  Such  aggregations 
are  important  in  relating  individual  quantified  tasks  to 
indirectly  measured  operational  concepts  such  as  "movement  to  the 
line."  Aggregations,  as  the  data  becomes  available,  may  be 
divided  into  such  general  areas  as  arming,  maintaining,  and  fuel¬ 
ing  a  system,  such  as  a  tank  or  aircraft. 

In  this  analyses,  tasks  were  grouped  into  "Gross  Motor"  and 
"Fine  Motor  Functions."  Gross  motor  is  defined  as  those  tasks 
requiring  the  use  of  predominantly  large  muscles,  arms,  legs,  and 
general  whole  body  movements  such  as  walking,  running,  etc.  Fine 
motor  functions  include  finger  dexterity,  tactile  finger  skills, 
precision  movement  and  tasks  with  close  vision  hand-eye  coordina¬ 
tion. 

The  division  of  the  gross  and  fine  functions  into  removal 
and  replacement  tasks  provides  a  further  refinement  of  the  types 
of  tasks  to  be  considered.  Removal  tasks  have  typically  been 
considered  to  be  easier  to  perform  than  replacement  tasks.  This 
concept  is  illustrated  in  Table  22,  where  the  correction  factor 
for  replacement  events  are  greater  in  both  the  gross  and  fine 
motor  functions  categories,  although  the  correction  to  gross 
motor  tasks  is  nearly  the  same.  The  difference  between  the 
removal  and  replacement  correction  factors  for  fine  motor  func¬ 
tions  is  appreciable  with  a  1.8  for  removal  tasks  compared  to  2.4 
for  replacement  tasks.  It  is  thought  that  manual  dexterity  and 
close  coordination  between  hand  and  eye  movements  may  have  been 
the  predominate  reason  for  the  difference. 

4 .  Discussion 

Teams  wearing  MOPPIV  required  more  time  to  replace  equipment 
than  to  remove  it.  Teams  completing  a  task  for  the  first  time 
influenced  the  time  needed  to  complete  a  task  a  second  time.  In 
this  instance,  the  practice  obtained  by  completing  an  event  once 
was  enough  to  improve  the  time  for  completing  the  event  a  second 
time.  If  the  event  was  completed  in  BDUs  first  the  MOPPIV  times 
were  affected,  likewise,  if  the  event  was  first  completed  in  HOP— 
PIV  the  BDU  times  were  affected.  This  first-time  effect  can 


v.  sumkary/cgKclusions 


The  quantification  of  the  degradation  of  personnel  perform¬ 
ing  in  KOPPIV  was  determined  for  each  maintenance  operation  and 
is  summarized  in  Table  23.  Events  were  weighted  by  the  amount  of 
time  normally  taken  to  complete  an  event  and  summed  over  ail 
events  to  give  an  overall  degradation  for  a  task.  The  inverse  of 
this  degradation  is  the  KOPPIV  correction  factor.  Multiply  the 
IDO  time  by  this  factor  to  get  the  estimated  KOPPIV  time. 

TABLE  23.  Correction  Factors  for  KOPP  TV 


Task 


I  Factor;  Provable  Range 


! 


K60A3  Power  Pack 
Remove 
Replace  j 

K60A3  Transmission  ; 

Remove  j 

Replace  j 

I 

K1C9  Breech  Block  j 

Remove  j 

Replace  I 

K60  Machine  Gun  j 

Barrel  Group  j 

Trigger  Group  } 

H901  Traverse  Mechanism i 


Remove 

Replace 

Recover  H50A3 

FADAC  Circuit  Board 


i 


1.2 

1.3 


I. 

1. 


1. 

2. 


.2 

.3 


2.1  j 

2.5  j 

I 

1.8*  | 
! 

1.6  j 


1.0-1. 4 
1.1-1. 5 


1.1-1. 

0.9-1. 


1-1-1. 4 
1. 1-1.5 


1.3-1. 6 

2.0-2. 6 


1.7- 2. 5 

1. 7- 3-4 

0. 8-3.1 

1.4-1. 9 


* without  Boots 


Other  Conclusions  and  observations  based  on  the  results  of  this 
study  are: 

■  Teams  completing  tasks  in  KOPPTV  demonstrated  considerable 
ingenuity  in  overcoming  difficulties.  Some  noteworthy  exam¬ 
ples  were  observed:  picking  up  small  parts  with  a  tool, 
marking  poorly  defined  timing  marks  with  chalk,  accommodat¬ 
ing  the  lack  of  near  vision  while  wearing  the  mask  by  get¬ 
ting  closer,  differentiating  between  small  parts  by  improv¬ 
ing  the  background  contrast  with  light  colored  paper  and  the 
pre-sorting  of  tools. 


'J ' 


v 


#•  . 


■  Fepj.acenent  events  for  fine  rotor  functions  take  longer  than 
rerove  events. 

■  Fine  motor  skills  are  degraded  to  the  seme  magnitude  as 
gross  rotor  skills. 

£  The  protective  overboot  is  a  hazard  in  mud. 

*  Methods  for  simplifying  or  modifying  tasks  to  accommodate 
wearing  KOPPIV  should  be  examined  and  incorporated  into  the 
training. 


VTxv’  ■  , 
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Daily  Temperature  and  Relative  Humidity  Record 


During  the  exercise  the  temperature  ,  relative  humidity  and 
general  atmospheric  condition  were  recorded  at  30-minute  inter¬ 
vals.  Table  A-l  gives  the  daily  high,  low  and  average  records 
during  the  hours  of  the  excerise.  The  exercise  was  conducted  at 
Aberdeen  Proving  Ground,  Maryland  during  April  1984.  The  high, 
lew  and  average  temperature  and  relative  humidity  are  given  in 
Table  A-l- 


TABLE  A-l.  Climatic  Data 


I 

I 

* 

Day 

1 

• 

! 

Degrees  Celsius  I 

_ _ ! 

%  Relative  Humidity  | 

1 

1 

1 

1 

High 

Low 

Averge 

High 

Low 

Average* 

! 

i 

i 

02 

Apr 

84  j 

16.7  j 

5.2 

13.0 

75.0 

43. 0j 

62.6 

i 

03 

Apr 

84  | 

16.2! 

9 . 0  j 

11.2 

14.3  | 

65.0 

32 . 0  i 

44.0  J 

! 

1 

04 

Apr 

84  | 
84  ; 

8.1 

8.7  j 

93.0 

72.0 

80.4  J 

! 

05 

Apr 

19.01 

14.0 

16.4  | 

95.0 

65.0 

83.1  J 

i 

i 

06 

Apr 

84  ‘ 

1 

84  j 

13.0 

9.9 

12.0  ] 

61.0 

42.0 

50.3  [ 

i 

07 

Apr 

8 . 6 ! 

7.0 

7.6  j 

74.0 

56.0 

64.8  J 

i 

j 

09 

Apr 

34  ; 
84  J 

12.3  j 

6.2 

9.9  * 

53.0 

28.0 

38.2  [ 

i 

10  Apr 

15-4! 

4.1 

10.3  | 

36.0 

30.0 

53.9  J 

i 

1 

11 

Apr 

34  J 

15.4 

7.0 

11.3  [ 

58.0 

28.0 

42.5  j 

! 

12 

Apr 

34  j 

19.8! 

8.7 

15.4  | 

79.0 

38.0 

54.4  | 

i 

I 

13 

Apr 

34  j 

20.0 

12.2 

16.1  ] 

69.0 

50.0 

59.2  [ 

\ 

16 

Apr 

84  ' 

16.7 

10.0 

13.1  J 

92.0 

64.0 

79.7  j 

i 

i 

17 

Apr 

34  j 
34  | 

18.3 

9.4 

14.8  | 

91.0 

48.0 

65.4  J 

i 

18 

Apr 

17.8 

8.3 

13.0  | 

92.0 

53.0 

72.7  j 

X 

s 

1 

19 

Apr 

8”  i 

84  } 

16.1 

8.3 

11.4  j 

71.0 

43.0 

59.9  J 

20 

Amr 

16.5 

11.7 

65.0 

43.0 

49-8  1 

1 

* _ 

! 

14.8  j 

1 

TABLE  A— 1.  Climatic  Conditions  (Continued) 


Day* 

1 

Degrees  Celsius 

1 

1 

%  Relative  Humidity 

1 

i 

J 

24  Apr 

84 

I 

1 

1 

High 

13.8, 

Low 

9.6, 

Average  J 
12.5  * 

High 

89.0, 

Low 

50.0, 

Average  J 
59-1 

25  Apr 

84 

1 

16.41 

11.81 

14.0 

1 

1 

57.01 

48.01 

52.0 

1 

1 

26  Apr 

84 

i 

I 

20.8 

13.0 

18.0 

1 

i 

68.0 

35.0 

49.3 

1 

1 

27  Apr 

84 

i 

18.91 

11. Ol 

15.5 

1 

I 

83.01 

56.01 

67.3 

1 

1 

1 

I 

28  Apr 

84 

1 

1 

15.0 

11.0 

12.7 

1 

1 

75.0 

61.0 

68.3 

1 

1 

01  May 

84 

I 

17.91 

14.31 

15.9 

I 

t 

s 

43.01 

30.01 

37.8 

i 

1 

02  May 

84 

I 

1 

21.3 

11-4 

• 

17.2 

1 

1 

60.0 

31.0 

37.3 

1 

03  May 

84 

1 

16.01 

i3. si 

14.6 

1 

I 

83.01 

69.01 

74.4 

1 

1 

04  May 

84 

! 

1 

21.3 

18.2 

19.9 

1 

1 

85-0 

70.0 

77-6 

1 

1 

07  May 

84 

I 

t 

13.41 
_ 1 _ 

12-01 
_ j _ 

12.6 

1 

1 

f 

91. oi 
j 

82.01 

i 

86.8 

! 

1 

1 

AVERAGE 

4— 

36. 4  j 

10. 3j 

13.7 

' _ 

75. lj 

48.7, 

57-9 

+ 

1 

1 

i 

I 

1 

- 1 

1 

+ 

*  02  Apr  84  -  07  Apr  84  o  Pull  and  Replace  M60A2  Tank  Engine 

09  Apr  84  —  13  Apr  84  o  ADVS  1790  Engine  (Split  Power  Pack) 

16  Apr  84  -  20  Apr  84  o  Repair  of  the  H60  Machine  Gun 

o  Vehicle  Recovery  of  K60A2  Tank 
o  Repair  of  a  Printed  Circuit  Board 

24  Apr  84  -  28  Apr  84  o  Remove/Replace  Breechblock  (K109 
Howitzer) 


01  Hay  84  -  04  Hay  84 
07  Kay  84  (resumed) 


o  Repair  H901  Transverse  Mechanism 


Field  Data 


The  field  measurements  in  minutes  for  each  event  in  the 
seven  maintenance  tasks  are  included  in  this  Appendix.  A  nB" 
represents  battle  dress  uniform  (3DD)  and  "MM  represents  mission 
oriented  protective  posture ,  level  IV,  (KOPPIV)  all  equipment 
worn  and  sealed.  Events  completed  for  the  first  time  are  indi¬ 
cated  by  an  n*,,  by  the  appropriate  entry.  The  corresponding 
tasks  and  tables  are  given  in  table  B-l. 

TABLE  B-l.  Field  Data  Tables 


_ Task _ |  Table 

♦ReHove/Replace  H60A3  Power  Pack  I  B-2 ,  B-3 

♦Remove/Replace  H60A3  Transmission  l  B-4,  B-5 

♦Reaove/Replace  K109  Breech  Block  I  B-6,  b-7 

♦Recover  H60A3  Tank  I  b-8 

1 

♦ReUove/Repair  M60  Machine  Gun  I  B-9 

♦Repair  K901  ITV  Traverse  Mechanism 1  B-10 

♦Repair  FADAC  Circuit  Board  1  B-ll 
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TABLE  B-2.  Remove  M60A3  Power  Pack 


I 

Tine 

in  Minutes 

1 

S 

Teas! 

Event 

i 

Total 

I 

! 

1  j 

2  i 

3  I 

4  i 

i 

i 

1-B*i 

19.8 

9.8 

9.1  j 

7  *3  | 
1C. 4] 

7  J 

7.4j 
14.3  j 

49.4 

X 

i 

1-K  | 

25.5 

6.3  | 

15.7 

41.6 

! 

i 

2-B  | 

2—  M*  j 

i 

3- B*j 

•7.1 

7.3 

15.0  j 

27.6 

i 

J 

13.8 

18.7 

31.2 

52.5 

! 

16.5| 
5.4  | 

31.7 

34.8 

16.2  j 

9.8] 

74.0 

! 

1 

3- M  j 

1 

4- B  1 

21.4 

23.7 

44.5 

■ 

♦ 

« 

16.4 

24.8 

15.1 

I 

9.0  | 
16.2] 

33.9 

1 

j 

4- M*i 

a 

! 

5—  B*  j 

26.0 

40.8 

48.6 

70.0 

! 

5.6 

15.4 

37.4| 

11.6i 

6.1; 

54.8 

1 

i 

5-M  , 

10. 7  j 

*— 

17.2  { 

29. 0i 

35.0 

JL 

TABLE  B— 3.  Replace  M60A3  Power  Pack 


I 

Teem  I 

I 


Tine  in  Minutes 


Event 


1— E*  j 

25. oj 

8.1 

7.4 

21.4 

66.2] 

1-K  l 

5.5 

16.8 

34.2 

42.2] 

82.1] 

I 

50.7] 

i 

2-B  ] 

4.8 ! 

12.1 

15.9 

23.4 

2—  M*  | 

I 

3—  B*  | 

5.5 

26.0 

43 . 4  j 

24.6- 

85.9] 

I 

131.3] 

14.8 

20.7 

21.0 

77.5 

3- M  J 

1 

4- B  , 

4—  M* } 

1 

5- B*  | 

5.5 

18.5 

52.5 

24.1j 

94.1] 

1 

54.8] 

3.6 

15.1 

10.9 

15.3 

13.9 

80.0 

87.5 

106.5] 

217.9] 

I 

99.3] 

9.8 

11.5 

29.5 

55.7 

5-H  , 

9.9 

17.0 

n.oj 

11. 8| 

56.3 

I 


Total! 


TABLE  B-4.  Remove  M60A3  Transmission 


1« 


!  I 

i  Team  I 

I  I 


1-B* 
1— M 


_ Time  in  Minutes 

Event  j 

1  i  2  |  3i  1  I 


4.3  3.5  13.0 

5.4  4.1  6.8 


Total 


2-B* 

2-M 


i  3-B*| 


4-B* 

4-M 


8.9)  21.7 

11.9 


4.9 

11.3 

4.9 

13.6 


L2.1  1.2i  28.1  ] 

1.9*  1.3,  12.6  ] 

1.8  0.4 

4.9  2.3 

2.3  1.2 

1.9  2.8 


TABLE  B-9.  Repair  M60  Machine  Gun 


Time  in  Minutes 

Barrel  Group 

S  Trigger  Group 

Event 

I  Total !  Event  1  Tota 1 
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TABLE  B-10.  Repair  M901  ITV  Traverse  Mechanism 


Teas  | 


Time  in  Minutes 
Event 


Disassembly 


I 

1 

2 

i 

l-B*  1 

,  n  i 
! 

4.2 

1— M  1 

i 

3.9 

I 

2— B  1 

2.7  | 
12.5  j 

6.9*| 
2.7  | 

8.1  j 

d.3  | 

4.1 

2-K*  j 
| 

9.8 

1 

3— B  i 

1 

6.5* 

2.5 

3-M  1 

5.6 

i 

| 

3- 2 

4— B  1 

4.7  i 

6.8  j 

1-8 

4-M*  I 

1 

10.9 

5— B  ! 

1 

A  1 

a 

5-M*  { 

7.2 

a  =  no 

data 

1 
Total ! 
~r 

i 

l 


7.2 

8.1 

6.8 

22.3 


Reassc  ably 


i 


1  5 


7.0 

5.0 


2.4 

7.0 


6.9 
18.  C 

19.0 

50.2 


Total ! 

13.9 

23.8 

21.4 

57.2 


12.4*1 

3.5*. 

2-0  j 
6.0  j 

7-4*. 

10.8 

5.2  ! 
13.7  1 

3.1 

5.1 

28.1  | 

34.2 

8.4  i 

1 

6.6  1 

3.3  j 

9.5  j 

12.7 

i 

0.8  > 
6.8  | 

i 

3  1 
1.9  | 

7.6  ’ 

8.4 

17.8  1 

I 

f 

1 

13.0  j 

15.0  | 

21.9 

. 

3  i 

15.6  | 

16.5 

~r 


sr  I 


Discussion 

Certain  data  points  required  review  particularly  data  points 
associated  with  consents  or  events  which  influenced  the  tine  to 
coaplete  a  given  event.  As  a  result  of  this  review,  some  of  the 
data  points  were  not  included  in  the  regression  analysis.  All 
regression  estimates  represent  the  best  selection  of  data  as 
determined  by  the  video  tape  record  and  the  consents  of  the  mili¬ 
tary  observer  at  the  time  of  the  event. 

Data  obtained  froa  the  third  teaa  in  BDD  during  the 
remove/ replace  power  pack  task  {Tables  3-2  and  B-3)  are  not 
included  in  the  analysis  because  of  a  rapid  change  in  the 
weather.  Specifically  it  began  to  rain.  As  the  rain  increased  in 
intensity  it  was  interesting  to  note  that  the  time  to  complete 
events  increased.  All  times  for  team  four  in  KOPPIV  were  not 
included  due  to  multiple  stops  for  safety  reasons  and  a  bant 
alignment  bar  on  the  base  of  the  power  pack  which  prevented 
replacement. 


Froa  the  remove/replace  transmission  task  (Tables  B-4  and 
B-5) ,  three  event  times  were  removed  froa  analysis.  Team  one  in 
KOPPIV,  event  6,  (44.8  min)  was  not  considered  due  to  stripped 
threads  on  a  fuel  return  line,  and  some  question  on  the  installa¬ 
tion  of  numerous  bolts  and  washers.  Team  two  in  KOPPIV,  event  5, 
(24.6  min)  was  also  eliminated  due  to  the  incorrect  removal  of 
items  which  required  extra  time  to  replace.  Team  5  in  KOPPIV, 
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TABLE  B-ll.  Repair  IADAC  Circuit  Board 


!  Team 


i  1— B  . 
i  1-M  i 


i  2-B 


I  2-H  , 


Event 

1 


i  3  -b 
I  3-H  j 


!  4-B 

I  « 


12.0  i 

3.7  j 

2.0  ! 

7.2  j 
9.0  j 

8.7  j 

5.3  , 

4.8  . 

2.8  | 

7.2  ! 

9.4  j 
10.9  j 

7.0  j 

6.4  j 

12.2  j 

4.5  | 
4.5  | 
3.4  , 
3.4  , 

3.3  j 


J  5-rI  J 


j  1  2.2  j 

j  nd  =  no  data 


Tine  in  mutes 


8.2, 

0.9  i 

15.2  j 
6.2 , 
5.1, 


5.9 

10.8 

19.1 

13.0 

5.5 


2.2, 

1.7, 
0.4 , 
0.4 , 
0.7, 
0.3, 
0.3, 
i-5, 

2.7, 


4.4, 
1-3  J 

2.1! 

3.0i 

;:?i 

1.0, 

1.6, 

6.5! 

7*6  j 
12.8, 
12.0, 
3. 3. 


3.4* 
2.8 ! 
1.81 


2.3, 

1.3, 

1.8, 

1.0, 

1  Q  . 

3.4, 

0.4  j 
0.9 , 
3.1, 
8.9, 

2.3, 

3.4, 
2.8; 
G.8, 
1*1, 


1.9, 
i.3, 
4.0, 
5.0, 
3.6, 

7.9, 
4.7| 
2.5, 
2.9) 


na  , 
3.6, 


nd  , 

5.7, 

5*1! 

2.7, 

l-l  i 

4.o, 

4.0 

5-9 


2.3, 

4.0, 

6- 3 

21.0 

7.3 

5.1» 

3 .4  j 

4.8, 
6.0, 
4.9 
6.6 

3.1 

2.8 

3.8, 

7-  /  j 
6-1, 
6.0, 

8.5 
3-!, 


Total! 

f 

19.4  1 

17.4  I 
24.0  I 
14.9  1 

27.8  1 

I 

33.3  1 

12.0  i 
6.2  1 

19.5  ! 
20-0  1 
22.0  1 

23.7  I 

11.7  I 

11.9  I 

I 

23.7  I 

33.5  i 

54.7  I 

68.0  ! 

23.7  ! 

! 

28.5  1 

20.4  I 

23.5  I 

19.3  I 

20.2  ! 

22.3  i 
! 

6.4  ! 
6.9  ! 

17.3  i 

32.3  i 

19.3  1 
24.2  1 

22.8  ! 

13.6  I 

12.0  I 


One  series  of  data  points  was  excluded  frors  the  recovery  of 
the  H6QA3  tank.  The  *  first  teas  in  X0PPIV  encountered  extreme 
difficulty  in  using  the  KOPP  boons,  in  that,  they  proved  to  be 
hazardous  in  the  deep  nud  cf  the  recovery  field.  The  boots 
slipped  off  and  to  the  side  and  created  an  unworkable  situation. 
All  recovery  operations  in  H0PPTV  after  this  first  experience 


were  without  the  boots-  Another  difficulty  in  the  analysis  of 
the  recovery  task  was  that  all  but  one  team  started  while  wearing 
BDU.  The  single  tean  which  started  while  wearing  KOPPIV  began 
and  made  a  false  start  and  began  again.  Because  of  this  start 
this  team  was  considered  to  have  been  practiced  simply  because 
they  had  learned  something  about  the  task,  the  situation,  the 
ground,  the  water,  where  the  tank  would  be,  etc.  As  a  result, 
the  correction  factor  may  contain  some  of  the  "first  time" 
effect.  The  estimation  for  making  the  recovery,  however,  should 
be  within  the  probable  range  indicated. 


APPENDIX  C 


Regression  Results  by  Task  and  Event 


Regression  Results  by  Task  and  Event 


I 


I 


The  regression  results  by  task  and  event  are  contained  in 
this  appendix-  Tables  include  *'a/T  , n  or  fractional  increase  in 
tine  due  to  KOPPIV  for  each  event  in°each  task,  and  regression 
coefficients  and  calculations  by  event  for  each  task.  Field 
neasurenents  are  given  in  appendix  B.  The  corresponding  tables 
and  figures  for  each  task  are  given  in  table  C-l. 

TABLE  C-l.  Tables  for  Regression  Results 


Task  _ |  Tables 

■  Renove/Replace  K60A3  Power  Pack  |  C2-C4 

■  Renove/Replace  M60A3  Transnission  j  C5-C7 

I 

■  Renove/Replace  K109  Breech  Block  j  C8-C9 

I 

■  Recover  M60A3  Tank  j  C10-C11 

■  Renove/Repair  H60  Machine  Gun  j  C12-C13 

■  Repair  H901  ITV  Traverse  Kechanisni  C14-C15 

■  Repair  FADAC  Printed  Circuit  Board 


C16-C17 


Event 


Tasks 


TABLE  C-3 .  Reaove/Replace  M60  Power  Pack,  Regression  Coeffi¬ 
cients 


1 

Event 

2  3 

4  i 

To 

12.0 

14.5 

15.0 

7.3  | 

a 

l-8±6.2 

1.415.8 

7.817.2 

1 

2.111.8  J 

B 

0.516.4 

-0.316.0 

8.317.5 

1 

3.1il.8| 

r*r 

0.02 

0.02 

0.28 

1 

0.41  | 

T  -ra 
o 

13.8 

15.9 

22.8 

1 

9.4  J 

T  -fB 
o 

12.5 

14.2 

23.3 

1 

10.4  | 

T  -ra-r3 
o 

14.3 

15.6 

31.1 

i 

14.4  J 

W« 

0.87 

0.91 

0.66 

! 

0.78  j 

WB 

0.96 

1.00 

0.64 

i 

0.70  j 

CF 

1.2 

1.1 

1.5 

! 

1.3  J 

PR 

0.6-1.67 

0.7-1. 5 

1. 0-2.0 

1 

1.0-1. 5  | 

CF  =  Correction  Factor 

PR  =  Probable  Range 

TABLE  C— 4.  Ranove/Replace  M60A3  Power  Pack,  Regression  Coeffi¬ 
cients,  Continued 


5 

Event 

6 

7 

8 

To 

7.3 

11.3 

12.6 

23.8 

a 

-2-514.9 

7.812.8 

21.2111.0 

-0-69 

B 

6.91=.0 

0.712.8 

7.5111.4 

10.51 

r*r 

0.35 

0.61 

0.43 

0.14 

T  -5-a 
c 

4.8 

19.1 

33-3 

23.1 

VB 

14.2 

12.0 

20.1 

34.3 

T  -ra-rB 
o 

11.5 

19.8 

41.3 

33.6 

T  /To*ra 

1.50 

0.59 

0.37 

1.03 

W3 

0.51 

0.94 

0.63 

0.69 

CF 

0-7 

1.7 

2.7 

1.0 

PR  sml-1-3  1.4-1. 9  1.8-3. 6  0.5-1. 5 

CF  ==  Correction  Factor 
PR  =  Probable  Range 
sml  =  small 


TABLE  05.  Renove/replace  M60A3  Transnission 


Event 


.reni:  |  lasx  s 

- s - a_ 

1  |  Renove  Shrouds  * 

2  |  Renove  Accessories  j 

3  |  Renove  Mounting  Bolts  J 

i  i 

4  |  Separate  j 

5  |  Replace  Shrouds  ■ 

6  |  Replace  Accessories  j 

7  |  Replace  Mounting  Bolts j 

8  J  Replace  Transnission  I 


a/To 

0.41  ±  0.41 
-0.13  ±  0.39 
-0.04  ±  0.29 
-0.13  ±  0.74 
0.66  ±  0.33 
0.02  ±  0.36 
0.22  ±  0.28 
-0.04  ±  0-41 


TABLE  C— 6.  Renove/replace  K60A3  Transnission,  Regression  Coeffi 
cients 


! 

1 

1 

Event 

2  3 

4 

T 

3.4 

16.5 

26.6 

5.3 

a 

3 

r*r 

!  Va 

i  T  -rB 

1.4±1.4 

-2.116.4 

-1.117.7 

-0.713.9 

3  « 2zi • 4 

17.616.5 

t 

H 

•M 

CTl 

• 

O 

0.513.9 

0.43 

0.51 

0.04 

0.01 

4.8 

14 .4 

25.5 

4.6 

6.6 

A  1 

27.5 

5.8 

T  -5-a-r3 

o 

Wa 

WB 

CF 

1  PR 

8.0 

32.0 

26-4 

5.1 

0.71 

1.15 

1-04 

1.15 

0.52 

0.48 

0.97 

0.91 

1.4 

0.9 

1.0 

0.9 

CO 

» 

H 

1 

O 

• 

H 

0. 5-1-3 

0.7-1. 3 

snl-1.6 

CF  =  Correction  Factor 
PR  =  Probable  Range 
snl  =  snail 


TABLE  C-7.  Remove/replace  H60A3  Transmission,  Regression  Coeffi. 
cients,  cont. 


5 

Event 

6 

7 

8 

T 

o 

5.8 

24.9 

18.8 

5.6 

a 

3 . 8±1. 9 

0.519.0 

4.115.2 

-0.212.3 

B 

-0.5124.0 

10.418.7 

4.115.2 

-1.012.3 

r*r 

0.42 

0.23 

0.19 

0.02 

T  -fa 
o 

9.6 

24.5 

22.9 

5.4 

T  -fB 
o 

5.3 

35.3 

25.1 

4.6 

T  -i-a-rB 

9.1 

34.9 

29.2 

4.4 

O 

Wa 

0-60 

1.02 

0.82 

1.04 

W3 

1.09 

0.71 

0.75 

1.22 

CF 

1.7 

1.0 

1.2 

1.0 

PR 

1-3—2  -  0 

0.7-1. 4  1. 

o 

1 

H 

• 

01 

0.5-1. 4 

!  CF  =  Correction  Factor 
|  PR  =  Probable  Range 

TABLE  08.  Remove/replace  M109  Breech  Block 


Event. 


Task 

a/To 

Remove  Damper 

0.53  1  0.24 

Remove  Firing  Mechanism 

0.07  1  0.36 

Remove  Breech  Block 

0.45  1  0.68 

Replace  Spindle 

0.30  1  1.21 

Replace  Breech 

2.18  1  1.18 

Replace  Firing  Mechanism/Damper 

G. 22  1  0.22 

TABLE  C-9.  Remove/replace  H109  Breech  Block 


1 

2 

Event 

3  4 

5 

6 

To 

1.7 

1.4 

0.44 

0.66 

1.1 

2.3 

a 

0.910.4 

0.110.5 

0.210.3 

0.210.8 

2.411.3 

0.510.5 

B 

2.010.5 

3.210.5 

0.910.3 

2.010.9 

2.711.4 

1.610.5 

r*r 

0.73 

0.78 

0.51 

0.34 

0.47 

0.57 

T  -fa 
o 

2.6 

1.5 

0.64 

0.86 

3.5 

2.8 

T  4-B 
o 

3.7 

4-6 

1.3 

2.7 

3.8 

3.9 

T  -5-a-rB 
o 

4.6 

4-7 

1.5 

2.9 

6.2 

4.4 

Wa 

.65 

0.93 

0.69 

0.77 

0.31 

0-82 

WB 

.46 

0.30 

0.35 

0.25 

0.29 

0.59 

CF 

1.5 

1.1 

1.5 

1.3 

3.2 

1-2 

PR 

I  CF  =  Correction  Factor 
1  PR  =  Probable  Range 
}  sal=  snail _ 


TABLE  C-10.  M60A3  Tank  Recovery 


Event 


Task 


1 


a/T, 


T 


1.33  ±  0.94 


1  j  Position  K33  and  Hook  Tow  Bar  ^ 

2  |  Open  Grill  Doors  and  Heat  Shields j  0.26  ±  0.77 

i 

1 


3  !  Disconnect  Final  Drives 


1.26  ±  3.22 


1.33  ±  2.67 


1 

2 

Event 

3 

4 

T 

o 

4.9  1 

| 

3.5 

1 

| 

2.3  1 

I 

1.2 

a 

1 

6 . 5±4 . 6 i 
| 

0. 9±2 

.  7  I 
j 

1 

2 . 9±7.4 1 

1 

1 . 6±3 . 2 

B 

I 

i.2±4 . 6 i 

1 

1. 7±2 

1 

.5 1 
i 

I 

9.8±7.4 I 

J 

2 . 0±3 . 2 

r*r 

I 

0.41  1 

j 

0.08 

• 

i 

i 

I 

0.33  i 

1 

0.06 

T  ia 
o 

1 

11.4  1 

| 

4.4 

• 

i 

i 

5.2  1 

I 

2.8 

T  -i-B 
o 

1 

6.1  1 

1 

5.2 

i 

i 

i 

1 

12.1  ! 

I 

3.2 

T  -J-a-rB 
o 

1 

12.6  1 
| 

6.1 

I 

i 

i 

1 

15.0  1 

I 

4.8 

Wa 

1 

0.43  1 

I 

0.80 

■ 

i 

i 

1 

0.44  1 

1 

0.43 

WB 

0.80  I 
i 

0.67 

i 

i 

0.19  I 

1 

0.38 

CF 

2.3  I 

I 

1.3 

i 

i 

2.3  ! 

1 

2.3 

PR 

I 

1.4-3. 3  J 

0.5-2. 0 

i  a 

J  sml-5.5  | 

sml-5.0 

|  CF  =  Correction  Factor 
J  PR  =  Probable  Range 
j  snl=  Snail 


Event 


1 
2 
3 


TABLE  C— 12.  Repair  M60  Machine  Gun 


Task 


Remove  and  Disassemble  Barrel  Group  j  0.42  ±  0.17 j 


Reassemble  and  Replace  Barrel  Group 
Remove  and  Disassemble  Trigger  Assembly 


0.55  ±  0.18 j 


0.63  ±  0.16J 


4  i  Reassemble  and  Replace  Trigger  Assembly!  1.67  ±  0.40 


Haas 


I SMSm 


TABLE  C-13.  Repair  M60  Machine  Gun,  Regression  Coefficients 


1 

Event 

2  3 

4 

i 

_L 

|  T 

o 

1.2 

1.1 

.64 

1.5 

i 

1 

1  a 

0.5±0.2 

0.610.2 

0.410.1 

2.510. 

1 

6  J 

i  B 

0.410.4 

0.910.3 

4.910.1 

1.911. 

1 

Ij 

j  r*r 

0.12 

0.33 

0.38 

0.30 

i 

• 

i 

|  T  -i-a 

1  o 

1.7 

1.7 

1.0 

4.0 

1 

I 

|  T  -t-B 
!  0 

1.6 

2.0 

1.0 

3.4 

1 

1 

I  T  -ra-rB 

1  ° 

2.1 

3.6 

1.4 

5.9 

1 

I 

j  T o/TQ+a 

0.71 

0.65 

0.62 

0.38 

1 

i 

i 

I  T  /T  +B 

1  o  o 

0.75 

0.55 

0.62 

0.38 

! 

1 

J  CF 

1.4 

1.5 

1.6 

2.6 

I 

1 

]  PR 

1.2-1. 6 

1. 4-1.7 

1.5-1. 8 

2. 3-3.1 

1 

_L 

|  CF  =  Correction  Factor  1 

j  PR  =  Probable  Range  j 

TABLE  C—14.  Renove/replace  M901  ITV  Traverse  Mechanism 


j  Event  j 


Task 


a/To 


Remove  Outer  Gear, Snap  Ring  and  Bevel  Washer 
Remove  Gear 

Reassemble  Gears  and  Replace 

Replace  ' uter  Gear,  Snap  Ring  and  Bevel  Washer 


0.91  ±  0-44 
1.14  ±  0.45 
0.71  ±  0.54 
1.83  ±  0.99 


** 


-VJL5*  V. 


TABLE  C-15.  Remove/replace  M901  ITV  Traverse  Mechanism,  Regres¬ 
sion  Coefficients 


Event 

2  3 


To 

3.2 

2.2 

2.4 

i 

7.5 

;  i 

a 

2.9±1.4 

2.5±1.0 

1.7±1.3 

13 . 7r7 . 4  j 

1 

B 

2 . 1±1.4 

4 . 0±1. 0 

1.8±1.3 

3.317.4 

: 

;  • 

r*r 

0.46 

0.77 

0.35 

0.32 

: 

T  +a 
o 

6.1 

4.7 

4.1 

21.2 

: 

1 

I 

T  -rB 
o 

5.3 

6.2 

4.2 

10.8 

1 

I 

T  +a-rB 
o 

9.2 

8.7 

5.9 

24.5 

* 

| 

W® 

0-52 

0.47 

0.59 

0.35 

! 

1 

WB 

0.60 

0.35 

0.57 

0.69 

I 

I 

CF 

1.9 

2.1 

1.7 

2.9 

1 

i  1. 

PR 

1.5-2. 3 

1.7-2. 6 

1.2-2. 3 

1.8-3. 8 

1  j  CF  =  Correction  Factor 

j  PR  =  Probable  Range 

TABLE  C— 16.  FADAC  Printed  Circuit  Board  Repair 


Event i 


Task 


Remove  Protective  Coating 
Remove  Resistor 
Remove  Transistor 
Replace  Resistor 
Replace  Transistor 


0.32  ±  0.24 
0.46  ±  0.46 
0.94  ±  0.78 
0.72  1  0.38 
0.93  ±  0.43 


O-JV-vV.XV.VVV 


-  ta  iaaaa 


TABI/5  C-17.  FADAC  Printed  Circuit  Board  Repair,  Regression  Coef¬ 
ficients 


1 

2 

Event 

3 

4 

5  ! 

T 

o 

3-8 

2.3 

1.8 

2.9 

3.°  j 

2.811.3 j 

1.211.8 j 

a 

1.210.9 

1. 3±1.3 

1.7±1.4 

2 . 1±1. 

1 

B 

6 . 0±1 . 2 

5  -  2±1 . 9 

1.9±2 . 0 

3.3+1. 

5 

r*r 

0.45 

0.20 

0.06 

0.20 

°'15  1 

T  ra 
o 

5.0 

4.1 

3.5 

5.0 

5.8  \ 

I 

T  +B 
o 

9.8 

8.0 

3.7 

6.2 

4.2  j 

T  -ra-fB 
o 

11.0 

9.3 

5.2 

o  -a 

7.°  j 

0.52  J 

0.71  [ 

VVa 

0.76 

0.68 

0.51 

0.58 

WB 

0.39 

0.35 

0.53 

0.47 

CF 

1.3 

1.5 

2.0 

1.7 

!.9  j 

PR 

1.1-1. 6 

1.0-1. 9 

1. 2-2-7 

1.3-2. 

1 

1.5-2.4I 

j  CF  =  Correction  Factor 
[  PR  =  Probable  Range 

1 

1 
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